
Project Introduction

Space access today is via rocket-launched vehicles like the Space Shuttle.
Unfortunately, due to the nature of the propulsion systems, and the need to
carry on-board oxidizer, these launch vehicles have small payload fractions.
This limitation indicates a real need for the development of revolutionary
launch technologies for space access. Leading candidates for next generation
launch vehicles include two-stage-to-orbit (TSTO) concepts utilizing advanced
hypersonic air-breathing propulsion for the first stage. However, the successful
design and operation of such vehicles is hindered by a fundamental lack of
predictive capability of the high-speed turbulent combustion processes
occurring through the ramjet-to-scramjet flight regime. Only after researchers
successfully address this fundamental inadequacy can advanced hypersonic
air-breathing technologies be used to revolutionize means of space access.
This research plan aims to develop advanced computational models for
predicting flow conditions within a scramjet engine as it transitions through
the ramjet-to-scramjet dual-mode regime. Development of these models will
be achieved by answering two primary research questions of interest: (1) how
can the wide range of flow scales occurring during dual-mode transition be
modeled with sufficient accuracy to capture the relevant turbulent flow and
combustion physics, and (2) how can the advanced models be implemented
within existing computational frameworks for minimal runtimes? This proposal
leverages existing developmental frameworks, in addition to developing novel
models and methods, to answer these questions. Answering the first question
relies on expanding state-of-the-art models like Large Eddy Simulation (LES)
and the flamelet generated manifold (FGM) approach. The primary deficiency
of LES is insufficient sub-grid scale (SGS) models for the flow regime of
interest, and the FGM approach is currently incapable of predicting pressure-
dependent combustion physics. This research aims to develop joint probability
density function (PDF) SGS models to achieve the necessary accuracy of the
flow physics and to develop an FGM approach incorporating pressure effects.
This LES/PDF/FGM approach will be used to model flow away from the wall,
whereas a hybrid LES/Reynolds-Averaged Navier Stokes (RANS) approach will
be used near the flowpath wall. The answer to the second question relies on
leveraging the VULCAN computational fluid dynamics framework to implement
the LES/PDF/FGM and hybrid LES/RANS approaches in a cost-effective and
timely manner. Long runtimes plague advanced simulations of dual-mode
transition and other high-speed turbulent reacting flows; however, this
research aims to incorporate these models into VULCAN in an extensible
manner using novel algorithms that will accommodate later generation
models. The research proposed herein aims to develop a complete
understanding of the dual-mode transition flow process and upon doing so,
advance the development of revolutionary means of space access. Not only
will this research benefit development of TSTO concepts, but it will also benefit
the NASA flow physics modeling community at large. By developing the
LES/FDF/FGM model within an established NASA framework, like VULCAN, the
resulting capabilities will be made widely available. This ease of access will
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lead to applications of this approach in areas outside of its initial region of
inception. Lastly, and perhaps most importantly, the proposed research
represents a key step in achieving NASA's Space Technology goal and one of
the most important Space Technology Grand Challenge: Economical Space
Access. Understanding and modeling dual-mode transition flow physics is a
pressing hurdle that must be overcome before TSTO hypersonic air-breathing
technologies can be used to revolutionize the nation's means of affordable and
sustainable space access.

Anticipated Benefits

Not only will this research benefit development of TSTO concepts, but it will
also benefit the NASA flow physics modeling community at large. By
developing the LES/FDF/FGM model within an established NASA framework,
like VULCAN, the resulting capabilities will be made widely available. This ease
of access will lead to applications of this approach in areas outside of its initial
region of inception. Lastly, and perhaps most importantly, the proposed
research represents a key step in achieving NASA's Space Technology goal
and one of the most important Space Technology Grand Challenge:
Economical Space Access. Understanding and modeling dual-mode transition
flow physics is a pressing hurdle that must be overcome before TSTO
hypersonic air-breathing technologies can be used to revolutionize the nation's
means of affordable and sustainable space access.
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